In the trilateration of wireless sensor networks, to overcome the affection of localization error caused by the selection of beacon nodes, a selective strategy of beacon nodes based on the angle information is proposed in this paper. By the comparative analysis of angle, we can determine the topology shape of the selected beacon nodes and the position relationship with unknown node, so that unknown nodes can choose three beacon nodes which are the most accurate to execute trilateration. Simulation results demonstrate that the localization error of unknown nodes is reduced greatly by the proposed method.
Introduction
Wireless sensor network (WSN) is composed by plenty of sensor nodes which are deployed in the monitoring area, and form a low-power, distributed, multi-hop and self-organization network by wireless communication [1] . These nodes have the ability of communication and computation. Localization technology is the key technology of wireless sensor networks, and it is essential for many applications of sensor networks [2, 3] .
Based on whether it is required to measure the actual distance between nodes or not, the localization algorithms can be divided into two categories: range-based and range-free [4] . Range-based approaches need to measure the exact distance or orientation between neighbor nodes, and then use triangulation or maximum likelihood estimation to calculate location. While range-free approaches do not need range hardware support on sensor nodes. By using some other character of RF signal, typical range-free localization algorithms include DV-Hop, Centroid, Amorphous and Approximated Point-In-Triangle (APIT). In general, localization precision of range-free approach is lower than the range-based approach. For the sake of the hardware limitation of wireless sensor devices, range-free localization enjoys the benefit of cost-effectiveness [5] . It is assumed that only a small portion of sensor nodes are aware of their position information by GPS or manual configuration in most localization methods. We call these nodes beacon nodes, and other nodes which are called unknown nodes can estimate their positions by beacon nodes. The triangles composed by three beacon nodes are called beacon triangles in this paper.
DV-Hop localization algorithm is a typical range-free localization algorithm. The algorithm is simple, feasibility and high coverage. Hence, this algorithm has been widely applied by many scholars. However, its major drawback is that the positioning accuracy is low. By analysis in literature [6, 7] , the locations of beacon nodes relative to unknown node and the geometry shape composed by three beacon nodes are both have a directly effect on localization error. When three beacon nodes form a regular triangle, the localization error of unknown node is minimum. While three beacon nodes are collinear, the corresponding localization error is maximum [8, 9] .
Based on the above discussion, this paper presents a selective strategy of beacon nodes based on angle information. The main idea of this method is that we not only consider the physical location relationship between beacon nodes, but also take into account the relative position relationship between unknown node and beacon triangle. The method can select beacon nodes effectively to participate the trilateration and can effectively improve the localization accuracy of unknown nodes.
Analysis of DV-Hop localization algorithm
DV-Hop localization algorithm is proposed by Dragos Niculescu and Badri Nath, which is a distributed, hop-by-hop positioning algorithm. It mainly consists of three steps [10] .
Step 1, calculating the minimum hop between each node and beacon nodes in the network, and then calculating the average hopsize of each beacon node. Each beacon node broadcasts its information throughout the network. The information package contains the location information of each beacon node. Ultimately, all sensor nodes acquire minimum hop count from beacon nodes. Then we estimate the average hopsize of each beacon node using the position information between beacon nodes and the minimum hop count between each other. We compute the hopsize of each beacon node as follows:
ii xy and ( , ) jj xy are the coordinates of beacon node i and j, ij h is the hop count between beacon node i and j. Then, each beacon node broadcasts the information with its hopsize throughout the network using flooding.
Step 2, calculating the estimated distance between unknown nodes and each beacon node [11] . Unknown node k keep the average distance of beacon node i which is received first, then calculate the distance kl d using hop count kl h between unknown node k and beacon node l by the following formula.
Step 3, unknown nodes in the network compute their locations by trilateration. When unknown node receives the estimated distance to three beacon nodes, its location can be figured out by trilateration. Let 1 1 2 2 3 3 ( , ),( , ),( , )
x y x y x y are the coordinates of three beacon nodes respectively, and the distance to unknown node D are 1 2 3 ,, d d d , the coordinate of D is ( , ) xy , then we have the following formula:
The coordinate of D is computed by the following formula:
In the process of trilateration, the beacon nodes' coordinates which unknown nodes receive are accurate, but the distances to beacon nodes are estimated by algorithm and they have errors in different degree. And also there is a significant influence on localization results caused by the selected beacon nodes [12] . In literature [13] , when an unknown node is inside a selected beacon triangle and the beacon triangle nearly to be regular triangle, the localization error of unknown node is minimum. So we propose a selective method of beacon nodes based on angle information between beacon nodes and unknown nodes. The method can make unknown nodes choose three beacon nodes which have a better precision to localize from all the beacon nodes it received in order to reduce their localization error.
An improved DV-Hop localization algorithm

Basic knowledge
Theorem 1 [13] : Suppose the nodes need to be located (i.e., unknown nodes) as the interior points, we choose three reference points which are not collinear to constitute a triangle positioning unit. When the three reference points (i.e., beacon nodes) form a regular triangle, the localization error of nodes need to be located is minimum.
Known by theorem 1, in the process of trilateration positioning when an unknown node lies inside a selected beacon triangle and the topology shape of the beacon triangle is close to be regular triangle, the location error of unknown node is minimum. Cosine law is an important law to reveal the relationship between edge and angle in a triangle. We can use it to solve a class of problems that solving an angle in a triangle with three known edges. As shown in Figure 1 , with known length of edges AB, BC and AC, angle α can be calculated by the formulas as follows.
To determine whether a selected beacon triangle is close to regular triangle, we just confirm the length of three edges or the size of angles. As the location information of beacon nodes is known, we can determine the shape of beacon triangle by calculating the length of three edges or the size of three angles in a beacon triangle. But to determine whether an unknown node locates inside a beacon triangle, we will give a selective method by the relationship of angles in the following.
Selective method of beacon nodes
In DV-Hop localization algorithm, we can calculate the distance between any two beacon nodes as the location of beacon nodes is known, while the distance between unknown nodes and beacon nodes can be calculated by formula (2) . Therefore, we can calculate the included angle between any two sides in a triangle by formula (6) . The basic idea of beacon nodes selection is to judge whether an unknown node lies inside a beacon triangle using the comparison of angle, thus we can choose a preferable combination of beacon nodes to locate unknown nodes. For discussion, we define the corresponding angle referred in this paper as follows.
Definition 1: In a beacon triangle, the angle each beacon node corresponds to is called the included angle of the beacon node. When an unknown node lies in the beacon triangle, in the triangle composed by a certain beacon node with the unknown node and another beacon node, we let the angle that the beacon node corresponds to be a subdividing angle of the beacon node.
The position relationship between an unknown node and a beacon triangle can be divided into two types, unknown node lies inside a beacon triangle and outside a beacon triangle. Here we will analyze the relationship of angles in the two cases respectively.
(1) Unknown node lies inside a beacon triangle In Figure 2 and Figure 3, A, B , C are beacon nodes and O is an unknown node. As can be seen from Figure 2 , when an unknown node lies inside a beacon triangle, the subdividing angles of a beacon node are less than or equal to the included angles that the beacon node corresponds to. In △ ABC, take point A for an example, ∠CAB is the included angle that point A corresponds to, namely β. When the unknown node O locates inside △ ABC, the subdividing angles that composed by points A and O are ∠BAO and ∠CAO, which are α and γ respectively, and we have α ≤ β and γ ≤ β. Other beacon nodes have the same situation as it.
(2) Unknown node lies outside a beacon triangle Figure 3(c) is the case that point O rotates to be a line with edge AB. When O rotates to the position as Figure 3(d) , the situation appears as same as Figure 3 (a). It will come to the same as Figure 3 From Figure 3 we can see that, when an unknown node is outside a beacon triangle, there exists at least one subdividing angle is greater than the included angle of the beacon node. As shown in Figure  3 (a), β is the included angle that point A corresponds to in the beacon triangle, and α is a subdividing angle of point A. It is obvious that α > β. Figure 3 Above analysis shows that, when an unknown node is inside a beacon triangle, subdividing angles of each beacon node in a beacon triangle are less than or equal to the included angle of the beacon node corresponds to. While an unknown node locates outside a beacon triangle, there must be a subdividing angle of a certain beacon node in the beacon triangle is greater than the included angle of the beacon node. Therefore, the necessary and sufficient condition that an unknown node locates inside the selected beacon triangle is, the subdividing angles of each beacon in a beacon triangle are all less than or equal to the included angles of the beacon node. As a result, we obtain the following selection rule of beacon nodes.
Rule 1: In the selection process of beacon nodes, firstly determine whether the subdividing angles that the three beacon nodes correspond to in each beacon triangle, are less than or equal to the included angles of the three beacon nodes respectively. Then, select the combination of beacon nodes which is closest to regular triangle from these beacon triangles, and run trilateration positioning finally.
Implement of the improved DV-Hop Algorithm
In DV-Hop localization algorithm, unknown nodes collect the received information of beacon nodes at first, and compute the distance to beacon nodes. Then, unknown nodes select three beacon nodes randomly from the set of these beacons nodes by the selective method. Suppose an unknown node in the network receives information from n beacon nodes, then there are 3 n C kinds of selective method to determine beacon triangle. Test whether the unknown node is inside the beacon triangle one by one, and then determine whether the beacon triangle closes to regular triangle. If the beacon triangle is not suitable, we still use the original DV-Hop method to select beacon nodes. Finally, estimate the location of unknown nodes by trilateration.
In reality, as the distance between unknown nodes and beacon nodes is an estimated value, when unknown node is nearby the three edges of the beacon triangle, the angle calculated actually maybe too large or too small than obtained theoretically because of the error of distance estimation. As shown in Figure 3 (a), when unknown node O locates outside and near the edge AB of the beacon triangle, it is possible to obtain the unknown node O in the internal of △ ABC in accordance with the discussion in 3.2, if the calculated α is smaller than β. It will get a wrong selection of beacon nodes which increases the localization error of unknown nodes. Therefore, based on the discussion in 3.2, we add a selective condition of beacon triangle in order to avoid the above situation. The selective condition requires the proportionality between the subdividing angle and the included angle of each beacon node in the selected beacon triangle is less than or equal to a parameter ε.
For example, β is an included angle that an arbitrary beacon node corresponds to in a beacon triangle, and α is a subdividing angle of the beacon node, there is
In this paper, we aim to select these combinations that unknown node is inside a beacon triangle. When unknown node is inside a beacon triangle, an arbitrary beacon node exists two subdividing angles and we suppose them to be α1 and α2. By the analysis in 3.2, when an unknown node locates inside a beacon triangle, subdividing angles that an arbitrary beacon node corresponds to are both less than or equal to the included angle of the beacon nodes. That is α1≤β, α2 ≤ β and α1+α2=β. Therefore, the upper limit of ε is 1. But when α1/β<0.5 and α2/β<0.5, it's contradictory to α1+α2=β. Therefore, taking the lower limit of ε is 0.5. However, when the value of ε is close to 1, it may make unknown node fall in the vicinity of the three edges in the selected beacon triangle, and then increase the possibility of wrong judgment. Therefore, the value of ε should be less than 1 in practical applications, and the appropriate value is determined by experimental results.
Experimental Simulations and Performance Analysis
In order to verify the effectiveness and the availability of the improved DV-Hop algorithm for improving localization accuracy, we use Matlab7.0 to compare and analyze the improved DV-Hop algorithm with the original DV-Hop localization algorithm.
In the initial simulation experiments, we deploy 100 nodes randomly in a 100m×100m area, we assume sensor nodes have the same maximum communication radius R to be 30m. We set the ratio of beacon nodes to be 10% and 20%, and the position of beacon nodes and unknown nodes are randomly generated. We will discuss the influence of localization error based on the original DV-Hop localization algorithm and the improved DV-Hop algorithm on the ratio of beacon nodes, network size, and communication radius of nodes. Each case runs 100 times in the simulation, and simulation results are the average values. Let ' ' ( , ) n n xy be the estimated coordinates of node n, and ( , ) n n xy be its real coordinate. We express the localization error in percents, relative to the communication radio R [12] . Namely,
In this paper, the average localization error of the sensor network which is composed with N unknown nodes is defined as follows: Figure 5 shows the affection to localization error based on the improved localization algorithm for different value of ε, while the ratio of beacon nodes is 10% and 20% respectively. From experiment results we can see that, when the interval for the values of ε is [0.7, 0.85], localization accuracy of unknown nodes can obtain a better value. While ε<0.7, due to the setting of subdividing angle is smaller, large numbers of unknown nodes can not select suitable combination of beacon nodes, so that localization error is still large because of using the original DV-Hop algorithm. When ε >0.85, the localization error of unknown nodes increases, mainly because some unknown nodes select the beacon triangle which make them nearby the edges of the beacon triangle, thus increase the possibility of wrong judgment. However, the value of ε is different for best localization accuracy in different network environments. Therefore, we can only seek a value of ε that the localization accuracy can reach a better value in different network environment. In our simulation experiments, the value of ε is 0.8. In Figure 6 , we compare the average localization error based on the original DV-Hop algorithm and the improved DV-Hop algorithm, when the ratio of beacon nodes is 10% and 20%, in addition the total number of nodes changes from 50 to 400. From Figure 6 we can see that, the average location error of nodes decreases as the number of nodes increases. This is because the node density (average number of nodes per node radio area) in the network is increased as the unknown nodes increase. Thus the network will be well connected and has a higher connectivity. Then the average per hop distance estimated by any pair of beacon nodes will be more accurate and thus the distance between the unknown node and the beacon node will be closer to the true distance between that. As can also be seen from Figure 6 , the average localization error of the two algorithms decreases as the number of nodes increases. In Figure 6 (a) and 6(b), when the ratio of beacon nodes is 20%, the average localization error of nodes reduces greater than that of beacon nodes is 10%. Figure 7 shows the location error of the conventional DV-Hop algorithm and the improved DV-Hop algorithm for different communication radius when the ratio of beacon nodes is 20%. We change the communication radius from 10m to 50m. The location error of the two localization algorithm decreases as the communication radio increases. This is the fact that the estimated error of the estimated distance and the true distance between unknown node and beacon node is decreased. From Figure 7 , we can also see that the localization error of the improved algorithm is reduced significantly. 
Conclusions
In this paper, we propose an improved DV-Hop algorithm based on the selection of beacon nodes. Based on the location relationship of beacon triangle and unknown node, we get a necessary and sufficient condition that unknown nodes lies inside a beacon triangle by the angle information between them, and give a selective method of beacon nodes. Simulation results show that this method can choose a better combination of beacon nodes to locate unknown nodes in the network, and can greatly improve the localization accuracy of the unknown nodes.
